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A SIW?IJIFIl!lDCHART FOE DE!CER141NIEG MACH YU14BIKRAJJD

9!RU~ AIiSPE31D FROM AIRSFIWD-IIU)ICATC@ READINGS

By Donald D. Baale and Virgil S. Ritohie

SUMMAEY

!Che deterrnlnatiop of flight Mach number from measure
ments of indicated airspeed. and pressure altitpde 18 shown
to bo relatively simple and leads to direct and aocurate
aonputatlon of true airapeed. A simplified chart 1s pre-
6ented for determining flight Mach number and true alr6peed
for a range of values of Indicated aidspeed, pressure
altltude~ and air temperature. A table”of etandard atmos-
pheric values Is Included.

The pitnt-etatic type of airspeed indicator in &r-
rent use does not measure airspeed direetly, but measures
a pressure difference between a total- and a statle
pressure tube. The Instrument calibration expresses this
differential pressure .in terms of airspeed for sea-level
staudard conditions. In order to determine true airspeed
for conditions other than soa-level standard, corrections
must be applied to “the indioated-airs~eed readings.
Installation and instrument errors are assumed to be “
included in the airspeed.-indioator calibration.

Ln order: t; determine true airspeed for low-speed -
flight conditions at altitude, the usual density-ratio
corr~ctl.on for incompressible flow Is sufficient; for .
high-speed flight at altitude, however, the incompressible-
flow relations do not apply and an added factor must be
odnsidere~. At high speeds, the ratio of the differential
prossuro between a total- and a static-pressure tube to
the dynamic pressure is greater than unity and is-a funo-
tion of the flight Mach number. .3ecause the 6pe9U of
saund varies with altitude: the flight Macih number for a
given true airspeed will correspondingly vary and a
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“tionectlon will be reqmiredi Eegle-ct of .thls correction
will prdduce errors in the determlnat. ion of true airspee?l
of the order of 5 percent for high-speed flight at alti-
tude. .

The determination of the compressibility correction .
is difficult and its physical slgnificanae 1s obscure.
An analysis by simple compressible-f~ow relations, ns
pointed out in reference 1, provides a more direct compu-
tation of true airspeed through the evaluation of flight
Mach number. A simple chart has been developed for the
direct determination of flight Mach number and true air-
speed for standard atmospheric conditions. Provisions
for obtaining true airspeed for conditions other than
standard have been included in the chart.

EQUATIONS FOR DETEWIEING FLIGHT MACE I?’UM3ER“

ANJ TRUE AIRSPEED

By simple compressible-flow relations, the pressure
difference between” a total- and a etatic–pressure tube
can be shown to be a function of
Mach number and etatlc pressure;

[

/ Y-1
H-p=p l+—

( 2

only two-variables, flight
that 1S9

Y 1
(1)

where

H total pressure, pounds per square foot

P static ~ressure, pounds per square foot

Ii flight liach number

Y ratio of specific heats (for air, 1.40]

Yor values of H - p and P, which are functions of
lndicate~ airspeed and pressure altit~de, respectively,
the flight Mach number can thus be determined explicitly.

The pr~saure difference H - p of “equation (1) may
also be expressed in the form

.
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P air density, slugs per oubic foot

v true airapeedg miles ?er hour

()H-p - .
compressibility faotor

T, (
1+!$+$

). ..

dynamic pre6sure
(: ‘v”)

and 22/15 is the factor for converting miles per hour to
feet per second. Inasmudh “as the Indicated airspeed vi
depends on only the value of the pressure difference
H-p, the relation between vi and E - p may be
determined from the airspeed-indicator calibration. The
usual calibration, In which the airs~eed Indicator Is
Indexed to read true airspeed for standard sea-level con-
ditions, is assumed. The static pressure p in t3quation
(1) may ho determined from reference 2 for values of the
pressure altitude.

BY deflnitlon, tho true airspeed Is equal to the
flight biach number times the speed of sound. Because for
standard conditions the speed of sound is defined for the
various altitudes, the true airspeed is determined for a~y
value of Mach numbpr and standard altitude. Yor conditions
other than standard, the value of the speed of sound a
In milks per hour is given by the relation

where T ~s the air temperature In degrees Fahrenheit
absolute.

Ylgure 1 gives the variation of flight Mach number
with indicated airspeed for various values of pressure
altitude. Lines .of true e.lrspesd for standard atmospheric
conditions have been superimposed on the basic plot of M
agalnat vi. “Provisions are included for determining true
airspeed for conditions other than standard, Additional
copies of figure 1 may be obtained upon request from the
ITatlonal Advieory Committee for Aeronautics.
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Table I gipea “the valuest of the standard atmosphere
deriwed from reference 2 for general use in altitude
computations-

.,

USE OF AIRSPEED-MACH ?IUHBEk CHART

An exa~ple will ~erve to illustrate the use of the
airopeed-liach .number -chart (fig. 1) Sn the determination
of flight Mach number and true airspeed. The following
conditions will be assumed:

.,.

~ndicated airepeed, Vi, miles per hour.~.-~~~.. 360
Pressure altitude, ‘P ‘ feet ......9.* q.. ...m.e ., 25,000

Tlight Mach number is determined by following the
vi value (360 mph) vertically upward to the

‘P
curve

for 25,000 feet nnd reading this point of Intorsedtion
horizontally to the Mach number scale at the left, where

“ a value of 0.745 Is indicated. The determination of
flight Each number by this method” is Independent of air
temperature.

. .

True airspeed for standard conditions (-30.15° E’ at:
25,0!)0 ft] is obtainod by reading from the intorsectlon
of the given vi with the hp curve diagonally downward
to tho ‘std scale where a.value of 516 miles per hour

is obtained. (See (a) on fig. lD)

Truo airspeed for the assumed values of Indicated
airspeed and pressure altitude, but for a nonstandard
temperature - of 10° E’, for example - is obtained by
reading from tho intersection of the given vi with the

‘P ourve horizontally to the 0~ or.soa-level, pross-are-

altitudo curve. ‘Yrom this Intersodtion, tho reading Is
taken vertically downward to the 10° Y temperature line
and then horizontally to the V scale ”where a true-airspeed
value of 540 miles per hour is obtainod. (See (b) on fig.
1.)

Langley Memorial Aeronautical Laboratory,.
National Advi80ry Committee for Aeronautlos,

Langley Field, Va.s March 2, 1943. “
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TABLEI

STANDAFtD ATMOSPHERIC CONDITIONS

,ltltude

(:t)

-2,000
-1,000

1,008
2,000

i?
,000
1,000

5,000
6,000

z
,000
,000

9,000

10,000
11,000
12,000
1 ,000
i1 ,000

:2;:::
1 ,000
i1 ,000
19,000

20,000
21,000
22,000
2 ,000
12 ,000

—

Preseure, p

2273.?
2193.9

2116.2

k
20 1.2

u
.6

;9.2
1827.6

I 60.4
iI 96.0
1633.1
1571.5
1512.1

1k55.6
;; ;*J
?

12 3:6
?212 *7

11 3.9
tn 6.5

1100.5
1056.7
1013.5

972.5

8
32.2

8;;:i
819.7

In. Hg)

32.15
31.02

2 .q2
82 .b6
2 ,82
z2 .81
25.84

24..8
23.9%
‘23.09
22.22
21.36

20.58
19.79
19.03
~8.29
17.57

16.88
16.21
I .56
i;h.;$
.

13.7~
13.16
u. 63
12.10
11.59

k1.075
1.037

1● 0000
.96

%
:F&

‘ .6876
.6614

, .6359
\ .6112
, .5!373

Temperature

(0;) (OF :b~c)

— .

C

22,92
k22,84

z
22. 68
22*90
22.611
22.32

222. 53

j+. ;; b00.57!22.373
97.0022.29

34:04~43.
3P

I22.211
30.~7 49. 7 22.133
26.90 486.30~22.052

23.34 482.74;21.971
19.77 479.17!21.890
16.21 475.61 21.808
12.6h\/+2.04.

&i8.1+79.07

I .494- 12. 2
~ .JJ05-15.39
\ .4.222 -19.)+6
I .404 -23.02

1’i .387 -26.59

464.91
461.3
457.7k
454.21
450.64

~.;:

439:9
436.

i?
i!

432, 1

21. 26
121..44

21.62’
2

:;:JZ
21.312
21.228

21.1
P21.03

20. 75
?20.90

20.804

——.

‘/TsL
(1)

1.0138
L.0069

1.0000
.9 31
8,9 62

● 9794
.9725

.966
●953
.9 1
?
8

.9 0
3.931

.9312

.9243

.917

.910i!
,9037

.8 68

.8899

.8831
,.862
.8193

.8624

.8
8$2~
:841
.8349

- -.

Speed of sound

766.2
763.6

761.0

h
;g;..

753:1
750.5

7k7.8
745*1
?@*
739●

3
737*1

734*4
731.7
728s9
726.2
723.5

720.7
717.9
715.2
712.
709.t

706.7
7y+:~

i98.
595..?

(fps)

1123.8
1120.0

1116.2
::;$.~

1104:6
1100.7

1096.8
1092.~
1089.0
1085.0
1081.1

1077.1
10 3.1
1

$6;:;
1061.1

1057.0
10 3.0
z10 8.9

10~.8
1040.7

1036.6
103 .6

3
::4:?
1019.9

Density

SUJgs}cu ft)

0.00220
1.002K8

.002378

.002309

.002242

.002176
‘.002112

●0020
!&

:;?I;928
%.00169

.001812

.001756

.00102
z.00148

.00156
t.00155

.00146
4’?.001 8

.001401

.001355

.001311

.001267

.001225

.001183

.001143

.001103

Den91ty
ratio, 0,

#psL
(1)

1.0599
I.0296

1.0000
.9710
.9)+28
.11
n.81

.8616

.8358
● 8106
.7859
.7619

,?~;~

1: 931
.6712
.6499

.62I
8.608

.5891
:p;

.532
14&
?4:7
;~$~

3.913
J●9 55

1.0000
I.0148
L 029

@1.05
1.011

1.077
1,0933
1.1107,
1.1280
1.14.56

1.1637
1.1823
1.2012
1.2206
1.2404

1.2608
1.283.6
1.3029
1.5248
1*3473

1.3701
;* Z3;
2

Y
1:.’26
1.481



2 ,000
z2 ,000

2 ,000
82 ,000
29,000

30,000
31,000
32,003
3 ,000
t3 ,000

35,000
3 ,532
z3 ,000

J
~ ,009
3 ,000
39,000

40,000
41,000
42,000
4 ,000
41,000

45,000
46,000
&:@&

49,000

50,000
51,000
52,000
5 ,000
15 ,000

5 ,000
t?5 ,000

$
5 ,000
59::;;

z0,000

785.1
7:&~

187:5
657.3

628.1
600.0
573*O
546.
521.i?

&7:;

y$.:

1+31:2
411.1

391.9
373.6
356.2
339*6
323.8

308.7
2 4.2
82 0.
267.t
2511..9

243.0
231.7
220.9
210.6
200.8

1 1.5
31 2.5
: 400
Ii
a
99

15 .2
150.8

11.10
10.62
10.16
9.720
9.293

8.880
8.483
8.101
79732
7*377

i
.036
● ?2
6.70ii
6.39
6.09z
5.812

b
5.51
5.23

‘?
;;;;

4*578

& 36~
k.160
3.966
3.701
3.60L

3.L36
3.276
3.12

i;:;;9

p:
?

2:346
2.237
2.132

.3709
;;;5C

.32L!

.3106

.Z 68
?.2 34

.2707

?
.2 83
.2 65

.2352

.2314

.2242

.2137

.207
?L.193

.182
z.175

.1683

.1605
● 1530

,1453
.1391
.132

?.126I
.1205

● 1149
,10

~
.10!
,09

ii.099

?
.0.05
,0 63
.0822
.0784
;CJ4J

-30.15)+29.2
-33.72425.63
- 7.29 422.11
t- 0.85 418.5
-J+&1+2414.Q3

-47.99411.2
-51.55407.k
-5 .12 404.2
3

2
-5 .60 400.72
-62.25397.15

-65.82393.8
?-67.00 392.10

-67.0039.2.LO
-67.003$)2.~0
-67.003$)2.)+0
-67.00392.~0

-67.00392.~0
.67.003~2.40
.67.00392.40
.67.00392,40
-67.00392.40

.67.00392.~0

.67.00392.~o

.67.00392.ko

.67.00392.~0

.67.00392.40

.67.00392.40

.67.00392.40

.67.00392.1+0

.67.00392.~.O

.67.00392.~.O

.67.00392.~0

.67.00392.bO

.67.003$)2.40

.67.00392.40

.67.00392.~0

.67.00392.40

20018
z20. 2
L?
?8:::‘5

20.571

20.283
20.19.5
20.10
20.01i
19.929

19.839
19.809
19.809
19.809
19.609
19.809

19.309
19.809
19.809
19.839
19.809

19.809
19.809
19.809
19.809
19.809

19.809
19./309
19.809
19.809
19.809

19.809
19i809
19.809
19.eo9
190i309
19.809

.8280

.8211
● 314

z.807
.8005

.736
8.767

● 7799
● 7730
.7661

;;y;
.7569
.7569
.7569
.75-69

.7569

.7569

.7569

.7569

.7569

.7569

.7569
;$g;;

.7569

.7569

.7569

.7569

.7569

.7569

.7569
;;;:;

.7569

.7569

.7569

—-- ~:...:.—-.~... -—-—=--- ~====.----’- :--- --,”

%$2
683:i
680.9

678.0
675.0

~g::
●

663.1
&,:

662:1
662.1
662.~

662.1
662.I
y&:

662;I

662.1
662.1
662.1
662.1
662.1

662.1
662.1
662.1
662.1
662.1

662.1
662.I.
662.1
662.1
662.1
662.1

101507
1011.5
1007.2.
1002●9
998..7

994*3
9 0.0
8
~8~:~
977*O

972.6
;;:.;

971:1
971.1
97r.1

971.1
971.1
971.1
971.1
971.1

.971.1
971.1
971.1
971.1
971.1

971.1
;;;*;

971:1
971*1

971.1
971.1
971.1
971.1
971.1
971.1

.00106
2●00102

.000992
,000957
.000922

,000889
.00085

1.00082

:R;g

.000736

..000727

.00004
z.00071

.ooo61Lo

.000610

.000582

.000554

.00052

.0000
ii
?

.00081

.000459

.000437

.000L17
:;:;;:J

.000361

.0003
!!.00032

.000312

.000298

.00028L

ig?j
1

.000234

.000224

J_!&

.4.171

.&023

.3879

z
.340

,:L?

.321i

.3098
:~og

i‘.22b
.2692
~.2566

;:g:

.2224

.2120
~.2021

.1026
y3~

12●1 9
.1591

.1 17
$●1 7

“:i;lt
.1253

.115

i
.110
.107
.105

ii
::847

1.b9110

!
L ${:
1.576
1.6056

1.632
21.660

1.6971
1.7.29
L 762i

x
:. :96

i?i8 7
i1.816

y L@
● ,

2.021
2*070z
2.1205
2.11

i?2.2;4,

2.2786
2.332

i2.x98
2.6J.178
2.5071

2.65
u2.29

2.6919

i
z. 587
2.250

2.8928
2.9617
5.031

ii~.lo3
~.1630
5.2594

1
‘Subscript SL denotes ltsealevel.” -4
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